The facile synthesis of a rare two-coordinate acyclic silylene (R 2 Si:) that is stabilized using a bulky vinylic Nheterocyclic olefin ligand and the strongly s-donating hypersilyl group [Si(SiMe 3 ) 3 ]
Introduction
The activation and functionalization of small molecules such as H 2 , CO, CO 2 , P 4 1 and even N 2 2 by Earth-abundant main group elements usually relies on the isolation of highly reactive element centers. In order to be synthetically viable, a delicate balance of stability and reactivity must be achieved. Amongst p-block compounds, those of Group 14 in the +II oxidation state (tetrelenes) have shown signicant promise with regard to bond activation and catalysis.
3 Silylenes, (R 2 Si:) still remain rare relative to the other Group 14 tetrelenes, owing in part to the general instability of Si II compounds.
4
While coordinatively saturated examples of silylenes (e.g. Cp* 2 Si; Cp* ¼ h 5 -C 5 Me 5 ) had been reported previously, 5 West and coworkers prepared the rst example of an unsaturated two-coordinate N-heterocyclic silylene. 6 It was only in 2012 that the rst examples of isolable two-coordinate acyclic silylenes were simultaneously published (I and II, Scheme 1); 7 in stark contrast, their heavier R 2 E: congeners (E ¼ Ge, Sn, Pb; R ¼ anionic ligand) were rst reported decades prior. H} NMR spectrum displayed a signal at 432.9 ppm, which lies in the spectral range of known two-coordinate acyclic silylenes.
9
To conrm the formation of the two-coordinate silylene ( Me IPrCH)Si{Si(SiMe 3 ) 3 } (2), deep-green crystals suitable for Xray crystallographic analysis were grown from Me 3 SiOSiMe 3 . The molecular structure of 2 ( Fig. 1 13 providing added evidence for the transfer of p-electron density to silicon. The C4-Si1-Si2 angle was found to be 101.59 (7) , in line with the presence of a high degree of s-character at the silicon-based lone pair. This angle implies that 2 should have a good balance of stability and reactivity. For example, the colorless dithiolato-supported silylene Si(SAr Mes ) 2 (I in Scheme 1) has an R-Si-R angle of 90.519 (19) indicating a relatively low-energy Si-based lone pair of pure s-character. 7a While this molecule has not been reported to cleave strong organic bonds, 14 acyclic silylenes with obtuse RSi-R angles (and smaller HOMO-LUMO gaps) have been shown to activate small molecules such as H 2 , CO 2 , and NH 3 . Furthermore, our group's attempts to generate the bisiminosilylene (IPrN) 2 Si: consistently afforded irreversible ligand activation products. 15 Additionally, silylenes generated using hypersilyl potassium are oen contaminated with the highly soluble BrSi(SiMe 3 ) 3 byproduct, 9a,c however in our case pure 2 can be obtained in moderate yield (67%) by washing the crude residue with a minimal amount of cold (À30 C) studies at the M06-2X/def2-TZVP level. 16 The computed HOMO of 2 is predominately a silicon-based lone pair whereas the HOMOÀ1 consists of a C-Si p bond between the vinylic ligand and the silylene center (Fig. 2) . The C-Si Wiberg Bond Index (WBI) was found to be 1.06 and the LUMO shows signicant CSi p* orbital character. Natural Resonance Theory (NRT) analysis further supports this bonding description, as three of the most relevant resonance structures (Fig. 2, 
structures B, C and
Scheme 2 Formation of the tribromo-vinylsilane 1 and its subsequent reduction to the vinyl silylsilylene 2. J HH coupling to the neighbouring vinylic hydrogen implied that oxidative addition of an Si-Cl bond had transpired in place of Si-H bond activation.
17 Crystallographic analysis conrmed the formation of ( Me IPrCH) SiCl(HSiCl 2 ){Si(SiMe 3 ) 3 } (5) (Fig. 4) . Of note, the addition of HSiCl 3 across a silylene (such as Cl 2 Si:) is a key step proposed in the chemical vapour deposition (CVD) of epitaxial silicon from trichlorosilane. 18 The sterically congested nature of 5 is evident by its 1 H and 13 C{ 1 H} NMR spectra which are very broad at room temperature but are resolved at +75 C. The molecular structure of 5 (Fig. 4) 19 In both cases, no reaction was observed, perhaps owing to steric protection of the Si-H bond.
Encouraged by the activation of polarized heteroatomic bonds using 2, we decided to investigate whether silylene 2 would react with the non-polar bonds of white phosphorus (P 4 ).
While acyclic silylenes have not yet been shown to react with P 4 , several examples of cyclic silylenes reacting with P 4 are known. These reactions are limited to the oxidative addition of a single P-P bond across a silicon center, 20 and the controlled activation/ functionalization of P 4 by main group elements remains a difficult transformation. 21 Upon mixing 2 and P 4 for 20 minutes at room temperature, a pale orange solution was formed.
31 P{ 1 H} NMR analysis suggested that simple oxidative addition of a P-P had not occurred, as three distinct signals were observed (d 120.0, À181.0, À316.7 ppm). 16 X-ray crystallographic analysis revealed that a 1,2-migration of the hypersilyl group of 2 transpired in addition to P 4 reduction (Scheme 3, Fig. 5 ) to yield ( Me IPrCH)Si(P 4 ){Si(SiMe 3 ) 3 } (6). This transformation is likely facilitated by the steric bulk of 2 and the polarized nature of the Si II -Si(SiMe 3 ) 3 bond (vide supra). While the mechanism of this reaction likely involves rst the oxidative addition of a P-P bond of P 4 to silylene 2, followed by a 1,2-silyl migration, we did not observe any experimental evidence for
Scheme 3 Oxidative addition of the substrates MeOTf (3), HBpin (4), HSiCl 3 (5) and P 4 (6) to the reactive silylene 2. ]: C1-C4 1.394(7), C4-Si1 1.789(5), Si1-Si2 2.364(2), Si1-Cl1 2.170(2), Si2-H2 1.50(7), Si2-Cl2 2.076(3), 2.074(3), Si1-Si3 2.358(2); Si2-Si1-Si3 109.81(9), Si2-Si1-Cl1 100.27(9), Si2-Si1-C4 118.15 (19) .
this postulated oxidative addition intermediate. 22 The observed activation/functionalization of P 4 by 2 represents the cleavage of two P-P bonds and the regioselective formation of four new Si-P bonds. Remarkably, a search of the Cambridge Structural Database (CSD) revealed that compound 6 represents an entirely new bonding motif for the P 4 2À ligand. 
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